We investigate the strength of ultraviolet Fe II emission in fainter quasars compared with brighter quasars for 1.0 z 1.8, using the SDSS (Sloan Digital Sky Survey) DR7QSO catalogue and spectra of Schneider et al., and the SFQS (SDSS Faint Quasar Survey) catalogue and spectra of Jiang et al. We quantify the strength of the UV Fe II emission using the W 2400 equivalent width of Weymann et al., which is defined between two rest-frame continuum windows at 2240-2255 and 2665-2695Å. The main results are the following. (1) We find that for W 2400 25Å there is a universal (i.e. for quasars in general) strengthening of W 2400 with decreasing intrinsic luminosity, L3000. (2) In conjunction with previous work by Clowes et al., we find that there is a further, differential, strengthening of W 2400 with decreasing L3000 for those quasars that are members of Large Quasar Groups (LQGs). (3) We find that increasingly strong W 2400 tends to be associated with decreasing FWHM of the neighbouring Mg II λ2798 broad emission line. (4) We suggest that the dependence of W 2400 on L3000 arises from Lyα fluorescence. (5) We find that stronger W 2400 tends to be associated with smaller virial estimates from Shen et al. of the mass of the central black hole, by a factor ∼ 2 between the ultrastrong emitters and the weak. Stronger W 2400 emission would correspond to smaller black holes that are still growing. The differential effect for LQG members might then arise from preferentially younger quasars in the LQG environments.
INTRODUCTION
We investigate the strength of ultraviolet Fe II emission for fainter quasars compared with brighter quasars for the redshift interval 1.0 z 1.8. We consider both quasars in general and the subset that are members of Large Quasar Groups (LQGs). We use the DR7QSO catalogue and spectra (Schneider et al. 2010 ) of the Sloan Digital Sky Survey (SDSS) to make comparisons of fainter and brighter quasars within the limit i 19.1 of the low-redshift strand of quasar ⋆ E-mail: rgclowes@uclan.ac.uk selection (Richards et al. 2006; Vanden Berk et al. 2005) for the SDSS. We extend the faint limit of the comparisons to g 21.0 using the SDSS Faint Quasar Survey (SFQS) of Jiang et al. (2006) , which actually reaches g ∼ 22.5. The use of both g and i in what follows arises from the specifications of these published quasar samples.
The investigation is a continuation of the work presented in Clowes et al. (2013b, hereafter Clo13b) . That paper found, for a large sample of LQG members (i 19.1, 1.1 zLQG 1.5), a shift in the W 2400 equivalent width (Weymann et al. 1991 ) of ∼ 1Å (0.97 ± 0.33Å) compared with a matched control sample of non-members. It also found a tentative indication that the shift in W 2400 increased to fainter i magnitudes (1.31 ± 0.36Å for 18.0 i 19.1). Furthermore, the strongest W 2400 emitters within the LQGs had preferred nearest-neighbour separations of ∼ 30-50 Mpc (present epoch) to the adjacent quasar of any W 2400 strength, with no such effect being seen for quasars outside LQGs.
The further investigation of the dependences of the UV Fe II on intrinsic luminosity and on environment (LQG or non-LQG) has some potential to improve our understanding both of the causes of strong and ultrastrong UV Fe II emission in quasars and of the nature of LQGs.
In this paper, we use the DR7QSO catalogue and spectra (Schneider et al. 2010 ) and the SFQS catalogue and spectra (Jiang et al. 2006) to investigate the UV Fe II properties of fainter quasars relative to brighter quasars. We also make some use of our own, rather smaller, data sets. We find a universal dependence (i.e. for quasars in general) of the W 2400 equivalent width on the intrinsic continuum luminosity, such that W 2400 is greater for fainter quasars. We find a further, differential, dependence, in the same sense, for quasars that are members of LQGs. We avoid calling either of these effects "a Baldwin effect" (Baldwin 1977) because there appear to be differences compared with the standard perception of the Baldwin effect (e.g. Baldwin 1977; Zamorani et al. 1992; Bian et al. 2012) . We find also that W 2400 increases as the FWHM of the Mg II λ2798 broad emission line decreases. We suggest an explanation for these universal and differential dependences of W 2400 on luminosity, and consider the implications for the possible nature of LQGs.
The concordance model is adopted for cosmological calculations, with ΩT = 1, ΩM = 0.27, ΩΛ = 0.73, and H0 = 70 kms −1 Mpc −1 . All sizes given are proper sizes at the present epoch. Later in the paper we incorporate estimates of black hole masses from Shen et al. (2011) ; their adopted cosmological parameters differed a little, with ΩM = 0.3 and ΩΛ = 0.7.
Brief details on large quasar groups
For a comprehensive discussion of LQGs, see Clowes et al. (2012) and Clowes et al. (2013a) , together with the earlier references given in those papers. Essentially, LQGs are large structures -that is, large-scale overdensities, usually at some specified amplitude -of quasars, seen in the early universe. They have sizes ∼ 70-500 Mpc and memberships of ∼ 5-70 quasars.
Our catalogue of LQGs (Clowes, in preparation) was obtained from DR7QSO quasars with i 19.1 and 1.0 z 1.8. It was used by Clowes et al. (2012) , Clowes et al. (2013a) , and Clo13b, and descriptions of the selection of the LQGs can be found in those papers.
UV Fe II emission in quasars
The UV Fe II problem in quasars and Seyfert galaxies has been known for more than thirty years -see and Netzer (1980) , and references given in those papers, for some initial discussions of the observational and theoretical aspects. Essentially, the problem is that the UV Fe II emission can vary greatly in strength from one quasar to another, and the variation appears not to simply correspond to iron abundance. Of particular interest are the rare "ultrastrong emitters", a good example of which is the quasar 2226−3905 (Graham, Clowes & Campusano 1996) . They represent only ∼ 6.6 per cent of all quasars in the redshift range 1.0 z 1.8 and with i 19.1 (Clo13b). Also of particular interest is the ratio of the UV Fe II flux to that of the nearby Mg II λ2798 doublet, Fe II(UV)/Mg II, because of its potential to allow deduction of the abundance ratio Fe/α, where α refers to the α-elements O, Ne, Mg, etc. The Fe is generally thought to be produced on timescales ∼ 1 Gyr by SNe Ia and the α-elements on shorter timescales by SNe II (e.g. Hamann & Ferland 1999; Hamann et al. 2004) . Measurement of the abundance ratio in quasars could then conceivably allow deductions about the time of major star formation relative to the time of quasar activity -an "iron-clock". However, aside from the question of the extent to which the ratio Fe II(UV)/Mg II relates to the abundance ratio (see below), the observations show that it is essentially constant for redshifts z 6.5 and that star formation therefore appears to precede quasar activity by perhaps 0.3 Gyr (e.g. Dietrich et al. 2003; Simon & Hamann 2010; De Rosa et al. 2011) .
Note, however, that Reimers et al. (2005) present an abundance analysis for a particular (if unusual) quasar that does not support this notion of an iron-clock. Furthermore, calculations by Matteucci & Recchi (2001) show that the timescale for the maximum rate of SNe Ia, and hence for the maximum rate of enrichment, depends strongly on the adopted conditions (stellar lifetimes, initial mass function, star-formation rate), being ∼ 40-50 Myr for an instantaneous starburst, ∼ 0.3 Gyr for a typical elliptical galaxy, and ∼ 4-5 Gyr for the disk of a Milky-Way-type galaxy. An instantaneous starburst seems plausible for the central activity of a galaxy that precedes the quasar activity. Matteucci & Recchi (2001) emphasise that the commonly-used timescale of ∼ 1 Gyr is the timescale at which the production of iron begins to become important for the solar neighbourhood: it is not the time at which SNe Ia begin to occur. Note that the progenitors of SNe Ia have not yet been established observationally (Nomoto, Kobayashi & Tominaga 2013) , although observations can constrain the possibilities for models and abundance yields.
Also, Verner et al. (2009) found evidence that Fe II(UV)/Mg II, for 0.75 < z < 2.2, increases across the interval z ∼ 1.8-2.2, relative to its value at lower redshifts. They interpret this result mainly as a dependence on intrinsic luminosity (ionising flux) rather than on abundance.
Accounting for the strength of the UV Fe II emission and its variation between quasars is a complicated problem, with many contributing factors such as iron abundance, hydrogen density, hydrogen column density, temperature, ionisation flux (excitation flux, continuum shape), microturbulence, Lyα fluorescence, and spatial distribution of the emitting gas (e.g. Verner et al. 2003 Verner et al. , 2004 Leighly & Moore 2006; Bruhweiler & Verner 2008; Gaskell 2009; Kollatschny & Zetl 2011 . The quasars with ultrastrong emission, being extreme, may be particularly useful for clarifying the relative importance of different factors. The current view is that probably iron abundance, Lyα fluorescence, and microturbulence are all contributing significantly to the ultrastrong emission.
The most detailed modelling of Fe II emission is by Verner et al. (2003) , Verner et al. (2004) , and Bruhweiler & Verner (2008) . They consider 830 energy levels of the Fe + ion, corresponding to 344035 transitions. Verner et al. (2004) conclude that iron abundance is not the only factor that can lead to strong emission and, moreover, that it is not even likely to be the dominant factor. Verner et al. (2003) discuss the relative importance of abundance and microturbulence, showing that increasing the iron abundance from solar to five times solar increases the flux ratio Fe II(UV)/Mg II by less than a factor of two. Conversely, increasing the microturbulence from 5 km s −1 to 25 km s −1 increases the ratio Fe II(UV)/Mg II by more than a factor of two. (Goad & Korista 2015 considered the effect of microturbulence on Hβ emission and found that it increased emission across the whole BLR, but especially at the smaller radii.) Verner et al. (2003) and Verner et al. (2004) suggest that the most reasonable value for the microturbulence is 5-10 km s −1 , while Bruhweiler & Verner (2008) Ruff et al. (2012) suggest 100 km s −1 as that would produce smooth line profiles. Sigut & Pradhan (2003) and Baldwin et al. (2004) also recognised that abundance is important but unlikely to be dominant.
Early in the history of the Fe II problem, Wills, Netzer & Wills (1985) and Collin-Souffrin & Lasota (1988) concluded that either there was an unusually high abundance of iron or an important mechanism was being overlooked. Microturbulence is one such mechanism since it increases the spread in wavelength of Fe II absorption and thus increases radiative pumping. Earlier than the discussions of microturbulence however, Penston (1987) had proposed that Lyα fluorescence might be the overlooked mechanism. This possibility received observational and theoretical support from Graham et al. (1996) and Sigut & Pradhan (1998) respectively. Lyα fluorescence of Fe II is discussed in detail by Johansson & Jordan (1984) for cool stars and by Hartman & Johansson (2000) for the symbiotic star RR Tel. These papers, and especially Hartman & Johansson (2000) , also discuss fluorescence arising from other emission lines, such as C IV λ1548. Bruhweiler & Verner (2008) discuss the significance of the peculiar atomic structure of the Fe + ion. The 63 lowest energy levels, up to 4.77 eV, are all of even parity, with no permitted transitions between them. These energy levels will be well populated, with the electrons consequently available for pumping to higher levels by the 10.2 eV Lyα line (and also by the continuum). Johansson & Jordan (1984) and Hartman & Johansson (2000) discuss Lyα fluorescence in connection with stars, but the mechanism is, of course, equally relevant to quasars. However, the width of Lyα is much larger in quasars than in the stars. The most important excitation channels are within ±3Å of Lyα, as discussed by Johansson & Jordan (1984) . For the broad lines of quasars, Sigut & Pradhan (1998) consider the excitation channels within ±50Å, finding an increase of ∼ 15 per cent in the ratio Fe II(UV)/Hβ compared with that for ±3Å (with zero microturbulence in both cases). We discuss briefly below (section 1.3) that a particular small emitting region or cloudlet will see the full profile of the Lyα arising from the whole ensemble of cloudlets in the broad line region. For quasars, the central concentration of the Lyα flux thus seems likely to be important, to emphasise the important ±3Å. We might expect that, for quasars, the ratio of FWHM to equivalent width of the Lyα would be a useful central-concentration parameter for associating with the Fe II emission (with low FWHM/EW implying a high central-concentration).
In this context of Lyα fluorescence, an interesting case is apparent in . In 0957+561A and 0957+561B the UV Fe II equivalent widths are different by a factor of nearly two, and the differences are visually obvious in the spectra, although these objects are gravitationallylensed images of the same quasar. This observation suggests that the Fe II emission can vary substantially on timescales comparable to the ∼ 1-year time delay between the two images (more precisely, 417 days Kundić et al. 1997; Shalyapin et al. 2008) . The equivalent width of the nearby Mg II λ2798 emission and also of C III] λ1909 appeared unchanged. Iron abundance seems very unlikely to be the cause of the difference. Lyα fluorescence is a possible cause of the difference, given that the Lyα flux in Q0957+561A,B has been observed to be variable on timescales (observed frame) of weeks (Dolan et al. 2000) .
The continuum is substantially bluer in the image (A) in which the Fe II is weaker. initially attributed this difference in continuum shape to differential reddening along the different light-paths, but, in a note added in proof, subsequently attributed it to the proximity of lensing galaxy G1, at ∼ 1 ′′ from 0957+561B, in agreement with Young et al. (1980) and then Young et al. (1981) . (Note that colour variability has, however, been detected since by Shalyapin, Goicoechea & Gil-Merino 2012 .) The lensing of 0957+561 (z = 1.408) arises from a cluster of galaxies (z = 0.355), and G1, the brightest cluster member. G1 is about four times fainter in the R passband than 0957+561B (Walsh, Carswell & Weymann 1979; Young et al. 1980) . The spectra of and , which have much higher resolution and used smaller apertures than the spectra of Young et al. (1980) and Young et al. (1981) , show no indication of the 4000Å break from G1 affecting the spectrum of 0957+561B at ∼ 2250Å (rest frame), in the vicinity of the low-wavelength end of the UV Fe II feature. The ratio B/A of spectra in Fig. 1 (single epoch) and Fig. 3 (combined epochs) of appear consistent with the apparent differences in the Fe II emission not being an artefact arising from G1. Guerras et al. (2013) have investigated UV Fe II and Fe III emission in the spectra of 14 image-pairs for 13 gravitationally-lensed quasars. They find differences for four image-pairs, one of which is Q0957+561A,B (apparent for Fe III only). They attribute these differences to gravitational microlensing by stars in the lensing galaxies, but caution that their result depends strongly on one image pair (SDSS J1353+1138A,B). It is not clear why the explanation of the differences has to be microlensing. From statistical considerations, they estimate that the UV Fe II and Fe III emission arises in a region of size ∼ 4 light-days and suggest that it is located within the accretion disk where the continuum originates (size ∼ 5-8 light-days). Possible implications of this location for the existence of these ions and for the widths of emission lines are not discussed.
UV Fe II emission and the broad line region
The UV Fe II emission is usually thought to arise in the broad line region (BLR), but is sometimes attributed instead to an intermediate line region (ILR) , between the outer BLR and the inner torus. Graham et al. (1996) and Zhang (2011) , for example, favour the ILR interpretation.
Photoionisation equilibrium implies the temperature of the BLR gas is ∼ 10 4 K. For such a temperature the thermal line-widths are ∼ 10 km s −1 , which is very much smaller than the observed line-widths of ∼ 1000-20000 km s −1 . Such a disparity might mean that the BLR contains many (∼ 10 8 ) small cloudlets to produce an overall smooth profile (Dietrich et al. 1999) , although microturbulence will also cause broadening (Bottorff et al. 2000) , as will Rayleigh and Thomson scattering (Gaskell & Goosmann 2013) . In reality, the distribution of the gas is likely to be fractal (Bottorff & Ferland 2001) .
The view of the structure of the BLR has changed somewhat over the years, in substantial part because of the results of reverberation mapping of Seyfert galaxies (e.g. Peterson 2006 ). In the old view there is a roughly spherical distribution of the cloudlets, each with stratification of the ionisation. Although much is uncertain, in the modern view there is a more flattened distribution of cloudlets (Gaskell 2009; Kollatschny & Zetl 2011 , with a general stratification of the ionisation and density, such that high-ionisation and high density correspond to smaller distances from the central black hole (BH) and low-ionisation and low density correspond to larger distances (Gaskell 2009 ). The flattening is more pronounced for low-ionisation lines (Kollatschny & Zetl 2013) . The BLR could be a thick disk of cloudlets or could be bowl-shaped (Goad, Korista & Ruff 2012; Pancoast et al. 2012 Pancoast et al. , 2014 . In the RPC model (for radiation pressure confinement, Baskin, Laor & Stern 2014 ) the cloudlets are replaced by a BLR that is a single stratified slab. High-ionisation lines tend to be broader than lowionisation lines in the same quasar. The low-ionisation optical Fe II and Mg II emission are thought to arise in the same outer regions (Gaskell 2009; Korista & Goad 2004; Cackett et al. 2015) . There is some evidence from reverberation mapping of Seyfert galaxies that the UV Fe II arises at smaller radii in the BLR than the optical Fe II and is correspondingly broader (e.g. Vestergaard & Peterson 2005; Barth et al. 2013) . The flattened distribution rotates about the central BH, but there is also (macro)turbulent motion of ∼ 1000 km s −1 or more (Kollatschny & Zetl 2013) . Turbulence (macroturbulence) refers to bulk motion measured orthogonal to the plane of rotation, but will be present in the plane of rotation too (Gaskell 2009; Kollatschny & Zetl 2013) . Microturbulence refers to (non-thermal) motion within cloudlets or between adjacent cloudlets (Bottorff et al. 2000) . The rotation velocity exceeds the turbulence velocity by factors of a few times. Failure to account for the turbulence will lead to the mass of the BH being overestimated (Kollatschny & Zetl 2013) . In the case of a BLR viewed face-on (i.e. viewing along the rotation axis, sometimes also expressed as "pole-on"), one is seeing mainly the turbulent motion in the emission lines. The FWHM that we measure for the broad emission lines is thus a function of viewing angle (Wills & Browne 1986) .
The amount of gas in the BLR exceeds by a large factor (∼ 10 3 -10 4 ) that needed to account for the line emission. The notion of "locally optimally-emitting cloud" (LOC), (Baldwin et al. 1995) is that the regions that are emitting strongly are those where the conditions to do so are optimal. A change in the continuum luminosity can then result in an apparent change of the scale-size of the BLR, simply because another region is then the optimal emitter. From simple modelling of photoionisation, the scale-size should increase approximately as the square-root of the ionising luminosity (Peterson 2006) . A particular cloudlet or small region will receive the Doppler-shifted Lyα profile of the whole BLR ensemble (i.e. broadened by the macroturbulent and rotational velocities) but sliced by narrow absorption lines from intervening cloudlets (Gaskell, private communication) . (This fact is relevant to Lyα fluorescence, as mentioned in section 1.2.) The cloudlet itself will be emitting with a line-width comparable to the sound velocity or microturbulence velocity.
The investigation of metallicity in the nuclear regions of quasars proceeds by analysis of the broad emission lines and intrinsic (i.e. associated with the quasar, not intervening) narrow absorption lines (e.g. Hamann & Ferland 1999; Hamann et al. 2004) . The growth of the central supermassive BH is believed to arise from accretion following large-scale events in the galaxies -mergers and interactions -and from quieter, secular processes such as flows along bars. Infall of (possibly pristine) gas might also be involved. The gas that approaches the nucleus either forms stars or it settles into the dusty torus, and from there spirals into the accretion disk and the BH. The distinction between the torus and the accretion disk is that the temperature of the accretion disk exceeds the sublimation temperature of the dust. The BLR is actually the turbulent gas above the accretion disk, and which rotates with it. (Boundaries between accretion disk, torus and BLR are related to the cooling process that is dominant: continuum-cooling for the accretion disk; thermal emission from dust for the torus; line-cooling for the BLR.) Some small fraction of the incoming gas is expelled in a wind that removes angular momentum and allows the accretion. Dynamical models of the BLR suggest inflows, outflows, and orbital motion (e.g. Pancoast et al. 2012 Pancoast et al. , 2014 Grier et al. 2015) . The metallicity of the BLR should be that of the torus. Czerny & Hryniewicz (2011) discuss, and give a good illustration in their Figure 1 , the accretion disk extending from the BH to the outer edge of the torus, where the torus dust sublimates, with the clouds (low-ionisation clouds at least) of the BLR "boiling" (inflowing and outflowing) from its outer parts. In their interpretation the atmosphere of the outer parts of the disk is cool enough for dust to be present. The outflow of the boiling is driven locally by the accretion disk -a dust-driven wind -, but the driving force is cutoff at large heights by the central radiation sublimating the dust, leading to infall. Outflow and inflow would lead to turbulence. Note, however, that, for NGC 4151, Schnülle et al. (2013) find evidence that the inner torus is actually located beyond the sublimation radius and that it does not have a sharp boundary (see also Kishimoto et al. 2013 ).
Hamann et al. (2004) consider the bright phase of a quasar to correspond to a final stage of accretion during which the BH roughly doubles its mass. This phase lasts for ∼ 6 × 10 7 yr for accretion at ∼ 50 per cent of the Eddington rate. The metallicities of the BLR and the torus can be expected to be typical of the central parts of galaxies at the redshifts concerned. The more massive galaxies can be expected to have higher central metallicities because of repeated episodes of star formation, and because the deeper potential well increases the retention of gas for recycling. The observations indicate nuclear metallicities of solar to several times solar. It is also possible that mergers and interactions could drive relatively unprocessed gas into the nuclear regions, which would reduce the metallicity. Radiation pressure could, in principle, concentrate metals relative to hydrogen in some regions (e.g. in BAL outflows or in the outer parts of accretion disks), but observationally the effect is not currently known to occur (Baskin 2012; Baskin & Laor 2012) . Quasar activity is believed to be preceded by star-formation activity. One might then expect to see a dependence on redshift of the metallicity of quasars, but none has so far been detected for z 6.5. As mentioned in section 1.2, enrichment of the BLR appears to be completed well before (0.3-1 Gyr) the visible quasar activity (e.g. Dietrich et al. 2003; Simon & Hamann 2010; De Rosa et al. 2011) . There is no indication of further enrichment from continuing star formation.
Index of the UV Fe II strength: W2400
As the index of UV Fe II emission, we again (as in Clo13b) use the rest-frame equivalent width W 2400 (Weymann et al. 1991) , which is defined between two continuum-windows, 2240-2255 and 2665-2695Å, and integrated between 2255-2650Å. A very similar approach is taken by Sameshima et al. (2009) . It is helpful to define some criteria for "strong", "ultrastrong", and "weak" emitters. In Table 2 of Weymann et al. (1991) the median W 2400 is ∼ 30Å for all quasars (non-BAL and BAL). We then define (as in Clo13b) "strong emitters" as those with 30 W 2400 < 45Å, "ultrastrong" as W 2400 45Å, and "weak" as W 2400 < 30Å. Also, in this paper, we sometimes make use of sub-divisions of the weak category into upper, middle, and lower thirds: weak upper with 20 W 2400 < 30Å; weak middle with 10 W 2400 < 20Å; weak lower with W 2400 < 10Å.
W 2400 and the 2175Å dust feature
Note that the range of wavelengths corresponding to W 2400 is overlapped by the broad 2175Å dust feature. This 2175Å feature is characteristic of extinction in the Milky Way (MW), is present but weaker in the LMC, and is apparently not present in the SMC (Mathis 1990 ). Its origin is usually ascribed to grains of carbon and polycyclic aromatic hydrocarbons (PAHs; e.g. Hecht 1986; Draine 2003) . The strength of the 2175Å feature in the MW might be somewhat anomalous. It appears to be present only rarely in other galaxies, although investigation is difficult. There is little variation of the central wavelength of 2175Å (Mathis 1990 ), but the FWHM can reach, on the long-wavelength side, from ∼ 2370 to ∼ 2640Å (Mathis 1990) , and typically ∼ 2440Å (Draine 1989) . Thus, the 2175Å feature, if present, could overlap from a little to most of the W 2400 range. If it affected the lower continuum-window but not the upper then the setting of the continuum could be too low and the W 2400 measurement too large.
In fact, there appears to be no compelling evidence that the 2175Å feature does affect the spectra of quasars significantly. Pitman, Clayton & Gordon (2000) concluded, in a review, that quasars seem to have SMC-type extinction and there were no real detections of the 2175Å feature in quasars. Subsequently, Hopkins et al. (2004) concluded from a large sample of SDSS quasars that the reddening in the "red tail" of the colour distribution is SMC-like. Note that for most quasars the carbon grains and PAHs would probably be destroyed by the X-ray to ultraviolet photons. Zhang et al. (2015) find a feature at ∼ 2250Å ("EBBA" -excess broad-band absorption) in the spectra of seven BAL quasars from SDSS-III / BOSS / DR10 (Pâris et al. 2014 ) and tentatively raise the possibility that it might be related to the 2175Å feature. BALs could shield the dust from the photons that would destroy it. (Compare with cases in which a claimed 2175Å feature is associated not with the quasars but with the galaxies causing intervening absorption in the quasar spectra -e.g. Noterdaeme et al. 2009; Jiang et al. 2010 .) Zhang et al. (2015) say they have 18 further candidates (non-BAL) for the 2175Å feature from the DR10 spectra. A possible concern for our work here would be if the 2175Å feature was preferentially present in the lowerluminosity quasars: the fact that Zhang et al. are finding so few candidates in the typically fainter DR10 quasars suggests that it is not.
Intrinsic continuum luminosity: L3000
For the measure of intrinsic luminosity, we use L3000, which is defined as the intrinsic continuum flux in units of erg s −1 (e.g. Shen et al. 2011 ):
where rest-frame λ ≡ 3000Å and dL is the luminosity distance. We measure L3000 as the median across 100Å centred on 3000Å.
Measures for other wavelengths may be defined similarly. We make a little use also of L2200.
MEASURING THE SPECTRA: W2400, W2400g, W2798, L3000, AND OTHER QUANTITIES
We use software to measure the Fe II rest-frame equivalent width, W 2400, essentially as described in Clo13b, but we now include some additional measurements: (i) a measure of the gradient, W 2400g, of the continuum local to the measurement of W 2400, expressed as a colour; (ii) the median signal-to-noise ratio of each spectrum, sn med; (iii) the rest-frame equivalent width of the Mg II emission, W 2798, calculated in a similar way to W 2400; and (iv) the FWHM of the Mg II emission, f whm2798. In Clo13b, for which we were using only SDSS DR7QSO spectra, we used the SDSS s/n measures in the FITS headers. W 2400g is a measure of the gradient of the line taken as the continuum in the Weymann et al. (1991) definition of W 2400. We represent it as a colour, calculated as W 2400g = −2.5 log 10 (l1/l2), where l1 and l2 are the median flux densities from the first and second continuum windows (2240-2255, 2665-2695Å). In this way, W 2400g is: zero colour for a flat continuum line; negative or blue colour for a continuum line increasing to bluer wavelengths; and positive or red colour for a continuum line increasing to redder wavelengths.
An alternative measure of the local gradient of the continuum, or continuum colour, could be −2.5 log 10 [(L2200/2200)/(L3000/3000)], where L2200 is defined similarly to L3000.
The s/n, sn med, is calculated from blocks of 65 pixels running through each (unsmoothed) spectrum. That is, a given block of 65 pixels is centred one pixel beyond the preceding block. For a given block, the "signal" is taken as the median flux density, and the "noise" is taken as the median absolute deviation from the signal. sn med is then taken as the median signal / noise of all such blocks, excluding those affected by the edges of the spectra. It should not be biased by the better s/n in the relatively small regions of the spectra occupied by emission lines. It is a different measure from those found in the headers of the SDSS spectra. The intention is not that sn med is of any particular astrophysical interest, but that it gives a robust and general indication of the quality of the data that can be applied consistently to spectra from different sources (here, SDSS and MMT / Hectospec spectra). It allows a threshold to be set at which we can take the quantities that are of astrophysical interest to be determined reliably.
In our subsequent processing, all spectra are first smoothed with a 5-pixel median filter, for the purpose of setting the continuum levels more reliably, given the quite narrow windows of the Weymann et al. (1991) definition of W 2400.
As mentioned in section 1.4, the rest-frame equivalent width W 2400 (Weymann et al. 1991) is defined between two continuum-windows, 2240-2255 and 2665-2695Å. For each continuum window, the median flux density representing the continuum is attributed to the centre of the window. The integration for the equivalent width is between 2255-2650Å. Note that the Fe II flux will be low but not zero in these two continuum-windows: one cannot expect to obtain the "true continuum" in this region of the spectrum. The continuum between the two windows is taken to vary linearly. With the median filtering, Clo13b estimated indicative errors in W 2400 of ∼ 3.5-3.7Å for SDSS DR7QSO spectra with i 19.1 and 1.0 z 1.8. Fig. 1 illustrates the continuum between these two continuum windows for two ultrastrong emitters from our own data sets, in this case MMT / Hectospec spectroscopy (Appendix A).
In this Fig. 1 , clearly qso412 has a redder continuum local to the measurement of W 2400 than qso425. If we artificially change the curvature of the spectrum of qso412, by a 1/λ function, to resemble that of qso425 we find that W 2400 is reduced from 55.5Å to 52.1Å. The difference is comparable to the indicative measurement errors. Full details of the 1/λ function are given in section 4, where we discuss further the effects of curvature of the spectra.
One small change compared with Clo13b is that we now assume there will be a residual [O I] λ5577Å sky feature and interpolate across it. Previously, we simply allowed the median filtering to reduce any residual sky feature. In most cases its effect then, if it coincided with the Fe II emission, was smaller than the indicative errors. Also, in the case of our MMT / Hectospec spectra only (i.e. not the SFQS spectra and not the SDSS spectra -Appendix A), the atmospheric A-band at ∼ 7600Å is prominent and we have interpolated across it too.
The use of W 2400 allows consistent measurements across different data sets. Possibly the fitting of a template to the Fe II could restore some information that might presently be lost to uncertainties in measuring W 2400. However, Verner et al. (2004) say that a programme of both observations and modelling would be needed to establish the validity of a single template.
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The rest-frame equivalent width W 2798 for Mg II emission is calculated, in a similar way to W 2400, for continuum windows 2670-2700 and 2900-2930Å, and integrated between 2700-2900Å. Note that the Mg II emission can be affected by Fe II emission, especially on the blueward side.
We also calculate a simple measure of the FWHM of the Mg II emission by subtracting the continuum, applying a 19-pixel median filter (in addition to the existing 5-pixel median filtering) to produce a smoother line-profile, and calculating the resulting FWHM, f whm2798. Median filtering preserves edges and does not itself introduce broadening. The filtering of the maximum, reducing it, will lead to the FWHM being a little larger than it should be, but the effect should be generally consistent and equivalent to not half of the true maximum but a slightly smaller fraction of it. We have not made any correction for a component of Mg II that might arise from the narrow-line region (FWHM < 1200 km s −1 ): both Shen et al. (2008) and Shen et al. (2011) indicate that there is no clear need to do so. Typically, the measurement 1 Vestergaard & Wilkes (2001) provide a single template, derived from observations of the low-redshift Seyfert 1 galaxy I Zw 1. Although Vestergaard & Wilkes successfully applied their template to four other quasars, they were themselves cautious about its wider application. In particular, Vestergaard & Wilkes note the two assumptions about the use of the template: (i) that the iron spectrum of I Zw 1 is representative; and (ii) that the iron spectra of quasars in general can be fitted simply by scaling and broadening the template. Furthermore, Vestergaard & Wilkes advise that the fitting process should divide the template into segments to be fitted independently, because the scaling factors relative to the continuum are different for different segments. (Their recommended fitting process is also iterative and involves visual checking and manual intervention.)
If the template-fitting is going to fail then we might expect the failure to be most apparent for the ultrastrong / strong emitters. Shen et al. (2011) have used the Vestergaard & Wilkes (2001) template on the same DR7QSO spectra (with an automated fitting process) and so we have an opportunity to make comparisons between the two approaches. The Weymann et al. W 2400 measure is integrated across 2255-2650Å. The Shen et al. template measure of the UV EW Fe (EW F E M GII) is measured on both sides of the MgII, across 2200-3090Å (probably meaning 2200-2700Å and 2900-3090Å but this is unclear from their paper). Nevertheless, the two measures should correlate. We restrict comparisons to those quasars in the DR7QSO catalogue that have 1.0 z 1.8, i 19.1 and that satisfy our s/n criterion, sn med 10.0. We find that the two measures do correlate, especially for our weak category of emission, but that, as the W 2400 measure moves into our strong and ultrastrong categories, the Shen et al. measure deviates to increasingly relatively large values. Eventually, the Shen et al. measures seem to become implausibly large. We conclude that the W 2400 measure is to be preferred. Rest-frame (optical) spectra of two ultrastrong UV Fe II-emitting quasars, qso412 (z = 1.156, W 2400 = 55.5Å) and qso425 (z = 1.230, W 2400 = 52.5Å), from our MMT / Hectospec spectroscopy (Appendix A). The straight-line section of each spectrum illustrates the continuum between the two continuum windows. The rest-frame equivalent width W 2400 is calculated with respect to this continuum (Weymann et al. 1991) . The spectra have been smoothed with a 5-pixel median filter. The flux densities (f λ ) are in units of 10 −17 erg s −1 cm −2Å−1 . The wavelength range has been restricted to ∼ 1800-3000Å for clarity. See Table A1 for further details of these two quasars.
of f whm2798 will be a measurement of the core of the Mg II emission line, and so not substantially affected by any Fe II emission that might be present in the wings. We suspect that some of the FWHM measurements from Shen et al. (2011) have been affected by Fe II emissions in the wings 2 . We measure L3000 from the median flux density of the smoothed spectra in the wavelength range 2950-3050Å. We have not corrected the spectra for Galactic extinction (i.e. our Galaxy).
Measurement by software has great advantages compared with interactive measurements. The Weymann et al. (1991) method can be applied objectively to each spectrum, and a large number of spectra can be processed. As discussed in Clo13b, approximately 1 per cent of the measurements of W 2400 by the software are negative. Most commonly, negative W 2400 occurs with flux densities that are increasing rapidly to shorter wavelengths, leading to concave spectra. Rigorous application of the method to con-2 We note that our measure of FWHM, f whm2798, correlates well with the F W HM M GII measure (whole profile -i.e. broad + narrow) from Shen et al. (2011) , and f whm2798 ≈ F W HM M GII. It also correlates well with their preferred F W HM BROAD M GII measure (broad profilei.e. narrow-subtracted) but there is an asymmetry in the scatter about f whm2798 = F W HM BROAD M GII, such that F W HM BROAD M GII is relatively larger for middle-of-therange values. We note also that a plot of their F W HM M GII (whole profile) against their F W HM BROAD M GII (broad profile) has a complicated structure. We suspect, therefore, that subtraction of a narrow component (regardless of whether it arises from the NLR) can lead to residual (after their subtraction of an iron template) neighbouring Fe II being wrongly attributed to broad Mg II.
cave spectra will lead to negative W 2400. Occasionally, negative W 2400 occurs because of absorption, artefacts, and, for W 2400 ≈ 0, noise fluctuations. Interactive measurements, in contrast, struggle to apply the method objectively and consistently, and they cannot easily process many spectra. They can, however, easily interpolate for the small fraction of spectra that are affected by absorption and artefacts.
We use the following wavelength ranges in the processing of spectra: SDSS spectra, 3800-9200Å; SFQS MMT / Hectospec spectra, 3800-8500Å; our MMT / Hectospec spectra, 3900-8200Å.
UV Fe II IN FAINTER QUASARS
In this section we investigate the UV Fe II properties of fainter quasars relative to brighter quasars, for the redshift range 1.0 z 1.8. We begin with the SDSS DR7QSO catalogue and spectra (Schneider et al. 2010) . The limit i 19.1 was specified for the low-redshift strand of quasar selection (Richards et al. 2006; Vanden Berk et al. 2005) . The DR7QSO catalogue contains 105783 quasars, of which 43604 have 1.0 z 1.8; of these 43604, 27991 have i 19.1. For these quasars, we can distinguish between quasars that are members of LQGs and those that are not (as in Clo13b, Clowes et al. 2013a Clowes et al. , 2012 using our main DR7QSO catalogue of LQG candidates (Clowes, in preparation) .
We extend the discussion to fainter quasars using the SFQS catalogue and spectra (Jiang et al. 2006 ). The SFQS catalogue contains 414 quasars, reaches g ∼ 22.5, and covers ∼ 3.9 deg 2 of the SDSS stripe 82. There are five sub-fields, in four non-contiguous patches. Spectroscopy is from MMT / Hectospec for 366 of the quasars and from the SDSS for the remaining 48. Of the 414, 178 are in the redshift range 1.0 z 1.8 of interest here; of these 178, 90 have g 21.0.
We have used the DR7QSO data to assess whether we can find LQGs that could affect the SFQS data for 1.0 z 1.8, given the limitations of the narrowness of stripe 82 and a brighter magnitude limit. From our main DR7QSO catalogue of LQG candidates (i 19.1, 1.0 z 1.8, linkage scale of 100 Mpc, minimum membership of 10 quasars) there is a small overlap of the SFQS with a LQG candidate of 12 members atz = 1.087 (z-range: 1.0444-1.1356), but there are no quasars in common. Nevertheless, a small redshift spike (6 with z: 1.00-1.04) in this patch of the SFQS data does suggest that the LQG is perceptible in these mostly fainter quasars. Its influence on our statistical analyses and conclusions should be negligible. Specifically for this discussion of the SFQS, we have also produced a DR7QSO catalogue of LQG candidates for stripe 82 only (no limit on i, 1.0 z 1.8, linkage scale of 54 Mpc, minimum membership of eight quasars), to allow for its greater depth, but we find no indications of further LQGs that could affect the SFQS data.
Another possibility for a faint quasar survey with a large telescope is 2SLAQ (Croom et al. 2009 ), but we found it to be less suitable than SFQS because the data are not fluxcalibrated, are given as counts, are not corrected for the response function, and have generally poorer s/n. While the second of these problems is easily addressed the other three are not.
We first use a subset of these DR7QSO quasars as a high-s/n reference sample, dr7qso15, with the "15" indicating the limit to sn med, with which to investigate the consequences of decreasing s/n. The full definition of dr7qso15 is: 1.0 z 1.8, i 19.1, and sn med 15.0. It has 15131 quasars -the DR7QSO catalogue is so large that even such a stringent limit on sn med gives a large sample. From the s/n values in the SDSS headers, sn med 15.0 is roughly equivalent to sn g 10.0, sn r 12.3, sn i 10.4, and sn worst 9.6, where sn worst is, for any spectrum, the lowest of the three SDSS s/n measures.
As s/n decreases, generally as magnitude increases, the dispersion of the W 2400 measurements becomes larger. An important question when, comparing distributions with the Mann-Whitney test (e.g. DeGroot & Schervish 2012), is whether decreasing s/n leads not only to increased dispersion but also to a systematic shift of W 2400. By adding gaussian random noise to artificially degrade the s/n for the spectra of dr7qso15 we find that no systematic shift is introduced, provided that the W 2400 measurements are allowed to become negative. (It is possible that interactive measurements would subconsciously constrain the W 2400 measurements to be always positive.) This result, that degrading the s/n increases the dispersion but does not introduce a systematic shift of the W 2400 distribution, is important for what follows.
Subsequently, from the DR7QSO catalogue, we shall use the subset dr7qso10 for which the definition is: 1.0 z 1.8, i 19.1, and sn med 10.0. It has 25742 quasars. The s/n limit sn med 10.0 is roughly equivalent to SDSS sn g 6.7, sn r 8.8, sn i 7.8, and sn worst 6.6.
Similarly, from the SFQS catalogue, we shall use the subset sfqs10 for which the definition is: 1.0 z 1.8 and sn med 10.0. It has 83 quasars. Note that the SFQS has no specified limit on the magnitude that can be taken as the counterpart of i 19.1 for the DR7QSO catalogue.
The definitions of these, and subsequent samples, are summarised in Table 1 .
Fainter quasars and W2400
Recall that Clo13b showed that the distribution of W 2400 for quasars that are members of LQGs is shifted to larger values compared with that for non-members, matched in magnitude and redshift. That is, the shift in the W 2400 distribution was a differential effect, for LQG members with respect to non-members. There was a tentative indication that the size of this differential shift increased with the i magnitude of the quasars. Also, the differential shift appeared to be strongly concentrated in the redshift range 1.1 zLQG 1.5. The matched control sample used there was intended to negate any universal magnitude and redshift dependences (i.e. not depending on environment) that might arise from, for example, a hypothetical universal increase of W 2400 with decreasing intrinsic continuum luminosity. Here, we elaborate on the luminosity dependences, in terms of the intrinsic continuum flux L3000, for both quasars in general (universal) and for quasars that are members of LQGs (differential).
For 25700 quasars (from 25742) of the sample dr7qso10, and for 80 quasars (from 83) of the sample sfqs10, we can measure all of W 2400, f whm2798, and L3000. In Fig. 2 we plot, for dr7qso10, W 2400 against log 10 L3000. Because 25700 points is too high for an ordinary scatterplot to be a useful illustration the plot shows instead the kernel-smoothed densities of points in a 64 × 64 grid. Linear contours for the densities are also shown. For dr7qso10, the plot shows that the highest Fe II emitters tend to favour lower values of log 10 L3000. Note, however, that it is not an exclusive relation: high Fe II emission does not guarantee low log 10 L3000, and low log 10 L3000 does not guarantee high Fe II emission. In this figure we also plot, as points, W 2400 against log 10 L3000, for sample sfqs10 (80 quasars), which is generally a lower-luminosity sample. The same trend is apparent for the sfqs10 quasars.
This tendency of the highest Fe II emission favouring relatively low log 10 L3000 is further illustrated in Fig. 3 , which shows, for the dr7qso10 sample, the distributions of log 10 L3000 for the 1531 ultrastrong emitters (solid histogram, blue online) and for the 7086 strong emitters (hatched histogram, red online). The difference in the distributions is very clear.
A one-sided Mann-Whitney test indicates that there is a shift to smaller values of log 10 L3000 for the ultrastrong emitters (1531 quasars) relative to the strong emitters (7086 quasars) at a level of significance given by a pvalue of 1.260 × 10 −12 . The median shift is estimated as 0.046 ± 0.006 in the logarithm, using the Hodges-Lehmann estimator (Hodges & Lehmann 1963) . In contrast, there is no relative shift in the distributions of log 10 L3000 for the two weaker intervals 20 W 2400 < 30 (weak upper, 9845 quasars) and 10 W 2400 < 20 (weak middle, 5871 quasars). They are indistinguishable (p-value of 0.504).
These and other results in this section from our applications of the one-sided Mann-Whitney test are summarised in Table 2 . Note that we have avoided comparisons with the in- (1) (2) (3) (4) (5) (6) A plot of W 2400 against log 10 L3000 for the sample dr7qso10. L3000 is the intrinsic continuum flux, in units of erg s −1 , at 3000Å in the rest frame (see the text for its definition). The shading indicates the kernel-smoothed densities of points in a 64 × 64 grid, because the number of points, 25700, is too high for an ordinary scatterplot to be a useful illustration. Linear contours for the densities are also shown. The plot has been restricted to 44.6 log 10 L3000 47.0 and 0 W 2400 70Å for clarity. Note that the highest Fe II emitters tend to favour lower values of log 10 L3000. The plot also shows, as points (crosses), W 2400 against log 10 L3000, for the sample sfqs10 (80 quasars). The same trend is apparent for the sfqs10 quasars.
terval weak lower because the measurements of W 2400 there can become comparable to the indicative errors.
Similarly, for the smaller but generally lower-luminosity sample sfqs10, a one-sided Mann-Whitney test indicates that there is a shift to smaller values of log 10 L3000 for the ultrastrong emitters (12 quasars) relative to the strong emitters (30 quasars) at a level of significance given by a p-value of 3.545 × 10 −4 . The median shift is estimated as 0.376 ± 0.093 in the logarithm. Similarly, again, there is no relative shift in the distributions of log 10 L3000 for the two weaker intervals 20 W 2400 < 30 (weak upper, 17 quasars) and 10 W 2400 < 20 (weak middle, 15 quasars). They are again indistinguishable (p-value of 0.892).
Note that this trend for W 2400 to increase as L3000 (or log 10 L3000) decreases is not strictly a correlationit does not exist across the entire range of W 2400 and log 10 L3000. From the large dr7qso10 sample, the trend exists for W 2400 25Å, but W 2400 appears to be essentially independent of log 10 L3000 for W 2400 25Å -see again the contours in Fig. 2 . The observed trend should therefore not be confused with a Baldwin effect 3 . If we consider the quasars from dr7qso10 that are members of LQGs and, as in Clo13b, consider in particular, the range 1.1 zLQG 1.5 then, from the one-sided MannWhitney test, we find a stronger shift -0.103 ± 0.015 in the logarithm -to smaller values of log 10 L3000 for the ultrastrong emitters (120 quasars) relative to the strong emitters (463 quasars), at a level of significance given by a p-value of 2.024 × 10 The histograms have been restricted to 45.0 log 10 L3000 47.0Å for clarity. The distribution for the ultrastrong emitters is clearly shifted to lower values of log 10 L3000 relative to that for the strong emitters.
obtained above for dr7qso10 quasars in general.) Here too, there is no relative shift in the distributions of log 10 L3000 for the two weaker intervals weak upper and weak middle ( Table 2) .
The LQGs are as defined in Clo13b, but here we are using only those members that are also from dr7qso10. Recall that dr7qso10 has the criterion sn med 10.0, which is needed here because, unlike Clo13b, we are not making (and cannot make) comparisons with matched control samples.
If we consider the quasars from dr7qso10 that are not members of LQGs then we find a shift to smaller values of log 10 L3000 of 0.042 ± 0.006 for the ultrastrong emitters relative to the strong emitters (Table 2) , which is comparable to the shift (0.046±0.006) for the dr7qso10 quasars in general, since LQG members constitute only a small fraction of the total (∼ 11 per cent). Again, there is no relative shift for weak upper and weak middle (Table 2) .
We now briefly summarise the results so far. We find that for quasars in general the highest Fe II emission, measured by W 2400, tends to be associated with the lowest intrinsic continuum fluxes, measured by L3000, and expressed as log 10 L3000. We refer to this as the universal dependence, because it applies to quasars in general. This tendency for W 2400 to increase as log 10 L3000 decreases is not strictly a correlation (so not a Baldwin effect) as it appears to take effect only for W 2400 25Å. In accord with Clo13b, there appears to be a further, differential, dependence for those quasars that are members of LQGs, especially those with 1.1 zLQG 1.5, corresponding to a more marked shift of the highest W 2400 to lower values of log 10 L3000.
We can illustrate further the universal dependence in Fig. 4 , which shows the distributions of W 2400 of the samples sfqs10 and dr7qso10, corresponding to Fig. 2 .
The sample sfqs10 is generally of lower luminosity than dr7qso10, and its relative preponderance of strong and ultrastrong values of W 2400 is very clear in the Figure. 
BALs in sfqs10
A higher rate of BALs for faint quasars compared with brighter quasars could conceivably introduce some component of the shift to stronger W 2400 values. We have examined the spectra of the 55 sfqs10 quasars with log 10 L3000 45.4 that contribute to Fig. 4 and Fig. 2 to judge whether there is any indication of an unusually high frequency of BALs. Recall that the sfqs10 quasars are generally lowerluminosity quasars -see Fig. 2 .
We find no occurrences of the relatively rare, lowionisation Mg II troughs in the spectra of these 55 quasars. However, high-ionisation C IV λ1549 troughs would not be detectable in the spectra of those sfqs10 quasars that have z 1.5. For C IV BALs we are therefore limited to considering only those sfqs10 spectra for which z 1.5: 13 from the 55 have z 1.50. Of these 13, one, at z = 1.64, appears very likely to be a BAL; it has W 2400 = 43.2Å, which is in the strong category, but close to being in the ultrastrong. Two of the 13 quasars have higher values of W 2400, both in the ultrastrong category: one is clearly not a BAL; the other is almost certainly not a BAL, but its redshift is close to the limit for detection. Consequently, although the opportunities here to recognise BALs are evidently few, there is at least no reason to suppose that for z 1.50 the frequency and properties of BAL quasars are different from those at brighter continuum luminosities. We shall assume that the same applies also to z 1.5. Table 2 . A summary of the most important results from the Mann-Whitney tests for the shift in log 10 L3000 according to the strengthcategory of W 2400. The columns are as follows. (1) Name of the sample. (2) Qualifier on the sample (e.g. "LQG members . . . "). (3) The comparison being made -e.g. ultrastrong emitters compared with strong emitters. (4) The shift in log 10 L3000 from the Hodges-Lehmann estimator together with an estimate of the uncertainty. (5) The p-value from the one-sided Mann-Whitney test. (6) The sample sizes corresponding to column (3). (7) Notes. Recall that the strength-categories for W 2400 are: ultrastrong with W 2400 45Å; strong with 30 W 2400 < 45Å; weak with W 2400 < 30Å. We sub-divide the weak category: weak upper with 20 W 2400 < 30Å; weak middle with 10 W 2400 < 20Å; weak lower with W 2400 < 10Å.
(1) (Recall that for the 80 and the 25700 we can measure all of W 2400, f whm2798, and L3000.) Both are density histograms. The bin size is 5Å. The histograms have been restricted to 0 W 2400 70Å for clarity. The universal dependence -the tendency of the highest Fe II W 2400 emission to be associated with the lowest intrinsic continuum luminosities -is clearly seen as the relative preponderance of strong and ultrastrong emitters for the generally lower-luminosity sample sfqs10.
W2400 and line-widths
We have previously suspected that ultrastrong UV Fe II emission tends to be associated with quasars that have broad emission lines that are unusually narrow. We can therefore perhaps gain some understanding of the universal dependence of the W 2400 emission on L3000 and the differential dependence for the members of LQGs by considering Fig. 5 . It plots W 2400 against f whm2798, the FWHM of the Mg II λ2798 emission (calculated as described in section 2), for the sample dr7qso10. Recall that dr7qso10 specifies: 1.0 z 1.8, i 19.1, and sn med 10.0; it has 25742 quasars. We can measure all of W 2400, f whm2798, and L3000 for 25700 of the dr7qso10 quasars. The number of points is too high for an ordinary scatterplot to be a useful illustration and so the plot shows instead the kernel-smoothed densities of points in a 64 × 64 grid. Note that the highest Fe II emitters tend to favour relatively narrow Mg II emission lines. It is not an exclusive relation however: high Fe II emission does not guarantee narrow Mg II, and narrow Mg II emission does not guarantee high Fe II emission.
This tendency of the highest Fe II emission favouring relatively narrow Mg II emission is further illustrated in Fig. 6 , which shows, for the dr7qso10 sample, the distributions of f whm2798 for the 1531 ultrastrong emitters (solid histogram, blue online) and for the 7086 strong emitters (hatched histogram, red online). Of course, the boundary between strong and ultrastrong is somewhat arbitrary, but the difference in the distributions is nevertheless very clear.
A one-sided Mann-Whitney test indicates that there is a relative shift to smaller values of the f whm2798 distribution for the ultrastrong emitters at a level of significance given by a p-value of 1.522 × 10 −9 . The median shift is estimated as 1.89 ± 0.28Å. A similar result is obtained if instead we use the FWHM MGII parameter (whole profile -i.e. broad + narrow) from Shen et al. (2011) : p-value of 3.504×10
−16 and median shift of 2.40 ± 0.26Å (for 1530 ultrastrong emitters and 7065 strong emitters here, since FWHM MGII is available only for 25613 of the 25700 quasars)
4 . The tendency is not detected with the sfqs10 sample (the 80 from 83 for which we can measure all of W 2400, f whm2798, and L3000) by applying the Mann-Whitney test to the ultrastrong (12 quasars) and strong emitters (30 quasars), and so it is presumably less marked than the effect for log 10 L3000. Nevertheless, we can note the consistency of 4 We find a tendency for stronger UV Fe II to be associated with narrower Mg II. Possible trends for the UV Fe II EW and Mg II FWHM appear not to be mentioned in Shen et al. (2011) . However, their Fig. 13 includes a small contour plot (leftmost column, fourth from top), with linear-interval contours but logarithmic axes, that might, uncertainly, suggest the opposite tendency of stronger Fe II being associated with broader Mg II. We note the following: their plot is for all quasars so no s/n threshold has been applied, and the plot is therefore not strictly suitable for comparison; a further small contour plot in their Fig. 13 (leftmost column,  bottom) indicates that their broadest Mg II lines tend to correspond to spectra of low s/n; their EW for Fe II is presumably their UV Fe EW measure for 2200-3090Å (EW F E M GII), which is different from our W 2400 measure; there is no statement of which of their measures of Mg II FWHM has been used; we mentioned in an earlier footnote our suspicion that in their measures involving subtraction of a narrow component (at least), residual (after subtraction of the iron template) neighbouring Fe II can be wrongly attributed to broad Mg II; our method of measuring the FWHM of the Mg II was intended to avoid neighbouring Fe II.
this tendency with the properties of the sfqs10 sample: 23 of the 42 quasars (55 per cent) that are ultrastrong or strong emitters have narrow f whm2798 < 35.0Å, whereas only 13 of the 38 quasars (34 per cent) that are weak emitters have f whm2798 < 35.0Å.
Although we do not show it here, the tendency for W 2798 is different: higher W 2798 tends to favour broader f whm2798, as found also by Shen et al. (2011) . If we assume that the Fe II emission and the Mg II line arise from the same locations within the BLR then, presumably, any hypothetical orientation effects of the flattened BLR would be identical. In that case, we can suspect a direct connection between narrow f whm2798 and enhanced W 2400. Narrow (BLR) Mg II line emission presumably corresponds to narrow (BLR) Lyα emission. (The widths of Mg II and Lyα are presumably both determined by the mass of the central BH, but are unlikely to be identical because of stratification, Lyα absorption, Lyα blending with N V λ1240, and other factors.) We have few opportunities to test such a correspondence because Lyα will be in the ultraviolet region when Mg II and Fe II are observed in the optical region. However, from our own data, we do have GALEX ultraviolet spectra for a few of the quasars for which we have optical MMT / Hectospec spectra (see Appendix A). In Fig. 7 we show the GALEX ultraviolet spectra, converted to rest-frame wavelengths, for the ultrastrong emitters qso412 and qso425, for which we previously showed optical spectra, converted to rest-frame wavelengths, in Fig. 1 . Clearly, qso412 has broad Mg II line emission, and qso425 has narrow Mg II line emission. Clearly, Lyα is correspondingly broad for qso412 and correspondingly narrow for qso425. For Lyα the ratio of FWHMs, qso412 : qso425, is 1.6 (from 24.4Å and 15.7Å), and for Mg II it is 2.1 (from 50.6Å and 24.2Å). See Appendix A for further details. Also, note again what we emphasised above: the tendency of the highest Fe II emitters favouring relatively narrow Mg II emission does not exclude the occurrence of quasars such as qso412 with ultrastrong W 2400 and broad Mg II.
For a given Lyα flux, a narrow line will concentrate relatively more flux than a broad line in the region Lyα λ1216 ±3Å (Johansson & Jordan 1984; Sigut & Pradhan 1998) that is most important for Lyα fluorescence of the UV Fe II. We suggest, therefore, that Lyα fluorescence might be in large part responsible for both the universal dependence of W 2400 on L3000 and the differential dependence for LQG members.
We mentioned previously that, for Lyα fluorescence, the ratio of FWHM to equivalent width of the Lyα would be a useful central-concentration parameter for associating with the Fe II emission. For the spectral coverage of our quasar data we cannot routinely calculate this ratio for Lyα, which then falls in the ultraviolet region. Perhaps, however, Mg II can be used as at least a rough guide to the ratio for Lyα. In Fig. 8 , we plot W 2400 against f whm2798/W 2798 for dr7qso10. Again, the number of points (25700) is too high for an ordinary scatterplot to be a useful illustration and the plot shows instead the kernel-smoothed densities of points in a 64 × 64 grid. Note that increasing W 2400 emission seems to be associated with decreasing values of the ratio f whm2798/W 2798. That is, increasingly strong UV Fe II emission does seem to be associated with increasingly centrally-concentrated Mg II emission at least. Note again, of course, that the Mg II emission can be affected by Fe II emission, especially on the blueward side.
Interpretation
We might expect narrow emission lines to have some correspondence with relatively less massive central BHs -either to AGN that intrinsically have low BH masses or to younger quasars that are still growing their central BHs and have not yet reached their mature state (e.g. Mathur 2000) . In Fig. 9 , we plot W 2400 against log 10 (MBH/M⊙) for dr7qso10, where MBH is the adopted "fiducial" virial BH mass from Shen et al. (2011) . MBH is actually determined by a FWHM, acting as a proxy for virial velocity, and by a continuum luminosity, acting as a proxy for BLR radius. Again, the number of points (25670 of the previous 25700 have a measurement of MBH) is too high for an ordinary scatterplot to be a useful illustration and the plot shows instead the kernel-smoothed densities of points in a 64 × 64 grid. From Shen et al. typical errors in the BH masses, propagated from the measurement uncertainties in the continuum luminosities and the FWHMs, are ∼ 0.05-0.2 dex, but the additional statistical uncertainty in the calibration of virial masses is ∼ 0.3-0.4 dex. Nevertheless, there does appear to be a trend in Fig. 9 , with average ultrastrong emitters having smaller BH masses than average weak emitters by a factor of ∼ 2. Clearly, the ultrastrong emitters are not in the low-BH-mass category ( 10 8 M⊙) of AGN, and we might instead expect that they are still growing their BHs. In that case, increasing W 2400 emission would have an association with increasingly young quasars. We further suggest that this possible interpretation in terms of younger quasars helps to clarify the nature of LQGs. LQGs -regions with an overdensity of quasars -would then be interpreted quite naturally as regions that contain a higher proportion of young quasars than field regions.
FURTHER NOTES
In this section we make some further notes on the content of the paper, some of which have a slightly cautionary nature because of the possibilities of small systematic biases in the measurements and because of the difficulty of clarifying further the possible implications of the data.
First of all, we note that there is a correlation of W 2400 with W 2400g (Fig. 10) . Recall from section 2 that W 2400g is a measure of the gradient of the line taken as the continuum in the Weymann et al. (1991) definition of the equivalent width W 2400. It is represented as a colour. A similar correlation results if instead of W 2400g we use the similarly-defined continuum colour −2.5 log 10 [(L2200/2200)/(L3000/3000)], which corresponds to a larger interval of wavelength than W 2400g. The correlations are presumably counterparts of correlations with spectral index.
In connection with Fig. 1 , in section 2, we discussed briefly the effect of artificially changing the curvature of the spectrum of qso412 to resemble that of qso425. It reduced W 2400 from 55.5Å to 52.1Å, the difference of 3.4Å being comparable to the indicative measurement errors. Similarly, for dr7qso10, we find that W 2400 for the red quasars (W 2400g > 0, 1292 from 25700 -so only ∼ 5 per cent of the . A plot of W 2400 against f whm2798, the FWHM of the Mg II λ2798, emission for the sample dr7qso10. The shading indicates the kernel-smoothed densities of points in a 64 × 64 grid, because the number of points, 25700, is too high for an ordinary scatterplot to be a useful illustration. The plot has been restricted to 0 f whm2798 140Å and 0 W 2400 70Å for clarity. Note that the highest Fe II emitters tend to favour relatively narrow Mg II emission lines. total) in Fig. 10 could be biased with respect to W 2400 for the blue quasars by ∼ 3Å. If so, the correlation might then be exaggerated by a small bias in W 2400 for red quasars with respect to blue but cannot be attributed to it. However, by artificially changing the curvature of the spectra we are clearly also changing the quasars (from red to blue): it may be that the measurements of W 2400 for the red quasars are mostly legitimate, and not subject to any such small bias.
The 1/λ function by which we artificially change the curvature of a spectrum (here and as mentioned in section 2) is this: first, we multiply by a function of 1/λ such that f λ (3000) is unchanged and f λ (1900) is doubled; then we scale the spectrum such that the median flux density across 2255-2650Å is unchanged.
We mentioned previously, in a footnote, that we have reasons to prefer our measure W 2400 to the UV EW Fe Flux density Figure 7 . Rest-frame (ultraviolet) spectra of two ultrastrong UV Fe II-emitting quasars, qso412 (z = 1.156) and qso425 (z = 1.230), from our GALEX spectra (Appendix A). The rest-frame optical spectrum (Fig. 1) shows broad Mg II λ2798 line emission for qso412, and narrow for qso425. Here it can be seen that the Lyα λ1216 line emission is correspondingly broad for qso412 and narrow for qso425. The spectra have been smoothed with a 5-pixel median filter. The flux densities (f λ ) are in units of 10 −16 erg s −1 cm −2Å−1 . The wavelength range has been restricted to ∼ 950-1250Å for clarity. See Table A1 for further details of these two quasars. . A plot of W 2400 against f whm2798/W 2798, the FWHM of the Mg II λ2798 emission divided by the equivalent width, for the sample dr7qso10. The shading indicates the kernel-smoothed densities of points in a 64 × 64 grid, because the number of points, 25700, is too high for an ordinary scatterplot to be a useful illustration. The plot has been restricted to 0 f whm2798/w2798 6.0 and 0 W 2400 70Å for clarity. Note that increasing W 2400 emission seems to be associated with decreasing values of the ratio f whm2798/W 2798.
(EW F E M GII) measure from template-fitting of Shen et al. (2011) . Nevertheless, we note that their measure also correlates with W 2400g and with the continuum colour −2.5 log 10 [(L2200/2200)/(L3000/3000)], although the trends with their measure have more complexity or internal structure.
This dependence of W 2400 on W 2400g and on the similar measure of continuum colour −2.5 log 10 [(L2200/2200)/(L3000/3000)]
(and similarly for the Shen et al. UV EW Fe measure) thus appears to be a small dependence of the UV Fe on continuum colour. Note that it does not appear to arise from the (1991) definition of the equivalent width W 2400, for the sample dr7qso10. The shading indicates the kernel-smoothed densities of points in a 64 × 64 grid, because the number of points, 25700, is too high for an ordinary scatterplot to be a useful illustration. The plot has been restricted to −0.5 W 2400g 0.5 and 0 W 2400 70Å for clarity. Note the clear correlation, which might be exaggerated by a small bias in W 2400 for red quasars with respect to blue, but which cannot be attributed to it.
dependence of W 2400 on L3000 that we find (section 3.1): W 2400g appears to be only slightly dependent on L3000 -see Fig. 11 , which plots W 2400g against log 10 L3000 as kernel-smoothed densities for the sample dr7qso10 and as points for the sample sfqs10. For illustration, the Mann-Whitney test applied to the dr7qso10 data, shows that there is a significant (p-value < 2.2 × 10 −16 ) but small dependence of W 2400g on log 10 L3000 -corresponding to a colour shift of only ∆(W 2400g) ∼ 0.025 ± 0.002 for the interval 45.4 log 10 L3000 < 45.5 compared with the interval 45.9 log 10 L3000 46.0. Of course our finding that stronger W 2400 tends to be associated with fainter L3000 combined with the correlation of W 2400 and W 2400g means that there must be some tendency, even if small, for W 2400g to be redder for fainter L3000.
We note that the modelling by Verner et al. (2003) , Verner et al. (2004) and Bruhweiler & Verner (2008) appears to take spectral index as a fixed quantity rather than a variable. Bruhweiler & Verner (2008) do, however, mention that the shape of the spectral energy distribution would be a consideration in future work, although we have not found any subsequent references in which it is considered.
CONCLUSIONS
The conclusions of this paper are the following.
(i) We find that for W 2400 25Å there is a universal (i.e. for quasars in general) strengthening of W 2400 with decreasing intrinsic luminosity, L3000.
(ii) In conjunction with the work presented by Clowes et al. (2013b) , we find that there is a further, differential, strengthening of W 2400 with decreasing L3000 for those quasars that are members of Large Quasar Groups, or LQGs.
(iii) We find that increasingly strong W 2400 tends to be associated with decreasing FWHM of the neighbouring Mg II λ2798 broad emission line.
(iv) On the assumption that this trend that W 2400 increases as the FWHM of Mg II decreases is true also for the FWHM of the Lyα emission line, we suggest that this dependence of W 2400 on intrinsic luminosity arises from Lyα fluorescence. We make this suggestion because: the wavelength region 1216 ± 3Å is important for Lyα fluorescence of the Fe II emission; for a given Lyα equivalent width, narrower Lyα emission would enhance the flux in this region, and hence fluorescence of the Fe II, relative to broader Lyα emission.
(v) We find that stronger W 2400 tends to be associated with smaller virial estimates of the mass of the central black hole, by a factor ∼ 2 between the ultrastrong emitters (smaller black holes) and the weak. The effect for W 2400 can then be associated with a range of masses for the central black holes. Stronger W 2400 emission would correspond to smaller black holes that are still growing. They will be in fainter quasars, with relatively narrow broad-emission lines, leading to the enhanced Lyα fluorescence of the UV Fe II emission. The differential effect for LQGs might then arise from a different mass distribution of the black holes, corresponding, plausibly, to an age distribution that emphasises younger quasars in the LQG environments.
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SR was in receipt of a CONICYT PhD studentship while much of this work was in progress. Figure 11 . A plot of W 2400g against log 10 L3000 for the sample dr7qso10. L3000 is the intrinsic continuum flux, in units of erg s −1 , at 3000Å in the rest frame (see the text for its definition). W 2400g is a measure of the gradient, represented as a colour, of the line taken as the continuum in the Weymann et al. (1991) definition of the equivalent width W 2400. The shading indicates the kernel-smoothed densities of points in a 64 × 64 grid, because the number of points, 25700, is too high for an ordinary scatterplot to be a useful illustration. Linear contours for the densities are also shown. The plot has been restricted to 44.6 log 10 L3000 47.0 and −0.5 W 2400g 0.7 for clarity. The plot also shows, as points (crosses), W 2400g against log 10 L3000, for the sample sfqs10 (80 quasars). Note that W 2400g appears to be only slightly dependent on log 10 L3000. ticular concern of the MMT / Hectospec observations and errors of 20 per cent are expected, with the values of L3000 and hence log10L3000 (Table A1 ) affected correspondingly.
We note the consistency of the data in Table A1 with the tendency of the strongest Fe II emitters to be associated with relatively narrow Mg II emission. For 1.0 z 1.8 and sn med 10.0, 9 of the 12 quasars (75 per cent) that are ultrastrong or strong emitters have narrow f whm2798 < 35.0Å, whereas only 2 of the 6 quasars (33 per cent) that are weak emitters (and with Mg II unaffected by the A-band) have f whm2798 < 35.0Å.
We have also made a little use of ultraviolet spectra from GALEX. These spectra were obtained in parallel with a main programme of imaging from GALEX within the two MMT / Hectospec fields. The GALEX fields and the MMT / Hectospec fields are essentially the same. The GALEX spectra are slitless, in the far-UV (FUV), ∼ 1350-1800Å, and the near-UV (NUV), ∼ 1800-2800Å. The point-source resolutions are ∼ 10Å and ∼ 25Å respectively. Extraction of the spectra was done by GALEX staff. GALEX procedures circumvent overlapped spectra by observing a field with a series of grism-angle rotations relative to the sky 5 . There can be problems of second-order and third-order overlaps in the FUV affecting the brighter and bluer objects. We have GALEX spectra for 11 of the MMT / Hectospec quasars listed in Table A1 . Of these 11, five provide usable spectra across the Lyα region. Two of these five happened to have ultrastrong W 2400; we used their spectra in Fig. 7 , together with the corresponding optical spectra in Fig. 1 , to illustrate the plausibility of broad / narrow Lyα corresponding to broad / narrow Mg II. The other three have Lyα and Mg II widths that correspond similarly. This paper has been typeset from a T E X/ L A T E X file prepared by the author. Table A1 . A summary of our MMT / Hectospec quasar spectra. The columns are as follows. (1) Category of the UV Fe II emission: ultrastrong (W 2400 45Å); strong (30 W 2400 < 45Å); weak (W 2400 < 30Å). (2) Name of the quasar. A name beginning "qso" is our MMT / Hectospec name; if it is followed by a name beginning "SDSSJ" in parentheses then the same quasar is also in the SDSS DR7QSO catalogue (Schneider et al. 2010) . (3) Redshift z, obtained from the MMT / Hectospec spectra. (4) RA, Dec. (2000) . (5) Association of the quasars with the LQGs U1.11, U1.28, U1.54. The suffix "o" indicates that the quasar is an original member of the LQG (and so must have i 19.1) from the DR7QSO catalogue. The suffix "d" indicates that the quasar is in the LQG domain, meaning that it is within the convex hull of member spheres (CHMS) of the original members. See Clowes et al. (2012) and Clowes & Campusano (1991) for details of these LQGs; see Clowes et al. (2012) for the definition of CHMS. (6) Whether the quasar is known to be a BAL quasar. (7) W 2400 equivalent width (Å) for the UV Fe II emission, as described in the text and in Clowes et al. (2013b) . (8) f whm2798 FWHM of the Mg II emission (Å) as described in the text; if available it is given only if W 2400 is also available. (9) sn med s/n of the spectrum, as described in the text. (10, 11) g, i magnitudes, taken from the DR6 photometric quasar catalogue of Richards et al. (2009) . (12) log 10 L3000 with L3000 in units of erg s −1 .
(1) (2) (3) (4) (5) (6) (7) (8) a Fails to meet our criterion sn med 10.0 for reliable measurements. b The Mg II emission contains the interpolation across the atmospheric A-band. c The Fe II emission contains the interpolation across the atmospheric A-band.
W 2400 and f whm2798 have been retained with "spurious precision" to avoid tied values if used in statistical tests.
